INTRODUCTION
Weed interference is a major maize production constraint in southwestern Nigeria. Most farmers in the tropical rain forest areas depend on rain for farming and weed aggressiveness is associated with rain-fed agriculture. It is an aggressive shrub which grows densely and forms large communities. It eliminates plants (weeds and crops) by growing rapidly forming canopy cover over them; cutting off light to them and capable of causing considerable yield losses in cultivated crops. Tithoniadiversifolia (Mexican sun flower in the family Asteraceae) is an annual weed growing aggressively along road paths and on abandoned farmlands all over Nigeria (Ademiluyi et al., 2013) . It had been observed to be widely spread in Nigeria where it is found growing on abandoned/waste lands, along major roads and waterways and on cultivated farmlands (Agbede and Afolabi, 2014) . Tithoniadiversifolia intercropped with okra has an overall advantage and greater biomass which leads to reduced performance of okra and therefore should be controlled so as to ensure high yield of the crop (Chukwuka et al, 2014) . It is an aggressive shrub which grows densely and forms large communities. It eliminates plants (weeds and crops) by growing rapidly forming canopy cover over them; cutting off light to them and capable of causing considerable yield losses in cultivated crops. The aggressiveness of Tithoniadiversifolia offers it the ability to outcompete most arable crops in cultivated lands (Adesina et al., 2007) . Olabode et al. (1999) reported yield losses of 35, 51, 81 and 79% with delayed weeding of 4, 6, 8 WAP respectively in an uncontrolled T. diversifolia infested field in maize, the maximum period of weed tolerance by maize in T. diversifolia infested field was found to be within the first 2 weeks after planting (2WAP). There is need for more information on the appropriate integrated management options for Tithonia. Herbicides may be required in all tillage systems to achieve a cost-effective weed management method in Tithonia infested farmland. Sarabi et al. (2013) recommended the use of the mixture of two or more herbicides to control broad leaves. Agboola et al. (2006) studied seed germination, seedling growth and effect of herbicides on seeds and young seedlings of T. diversifolia using various herbicide concentrations as soaking solutions for its seeds. They reported that Gramoxone, Primextra and Galex at 0.5 to 2.0% and 0.3 to 2% concentration were effective in suppressing the germination and growth of seeds and Tithonia seedlings, respectively.
The weed is gaining prominence as a serious weed in south-western Nigeria especially in old farms and roadsides. Most research works focused on the use of Tithonia for animal feed, soil improvement with very little on its (Table 1 ). The texture of the soils was sandy loam with pH of 5.06-6.20, percentage organic matter of 0.55-3.50 and percentage Nitrogen of 0.03-0.15. The experiment was laid out in a Split-plot Design. Time of herbicide application: at planting (AP) and two weeks after planting (2 WAP) constituted the main plot. Herbicide treatments: atrazine (At), paraquat (Pa), atrazine + paraquat (At+Pa) constituted the sub-plot. The 2 x 3 split plot was replicated three times to give 18 experimental units. Each plot size was 9 m 2 with 1 m space between plots. Maize SUWAN -I -SR variety was planted at a spacing of 75 x 50 cm (2 plants per hole) to give a planting density of 53,333 per hectare. Atrazine was sprayed at the rate of 2 kg a.i and paraquat was sprayed at 2 litres (0.5 a.i)/ha. NPK 15-15-15 fertilizer was applied at 200 kg/ha at 2 WAP. Nozzle shield was used when applying paraquat and the mixture of paraquat and atrazine at 2 WAP. Weed samples were collected with two 0.25 m 2 quadrat randomly placed along a diagonal transect in each plot at 4, 8 and 12 WAP (Adeyemi et al., 2008) . Counts of Tithonia and other weed species found in the quadrat were taken. Weed species were identified with the aid of (Akobondu and Agyakwa, 1998). Relative weed density (RD) was determined by dividing the mean density of weed species by the total density multiplied by 100 (Adeyemi et al., 2008) . RD = MWD/TWD x 100 where RD = Relative density, WD = Weed density and TW= Total weed density. Dry weight of Tithonia was determined on the oven-drying at 80 0 C for 48 hours. Maize girth, height and number of leaves, ear dry weight was recorded from three randomly selected plants per sub-plot at 4, 6, 8 WAP. Ear dry weight was recorded per individual plot. Grain yield was obtained per individual plot.
MATERIALS AND METHODS

Field
Data Analysis
Data generated from the experiment were subjected to Analysis of Variance (ANOVA) and their means were separated using the Duncan's Multiple Range Test (DMRT) at 5% level of probability. Cost and return analysis were carried out by using gross margin (GM). The GM calculation is based on the total of all variable costs involved (Table  2) in the production and all revenue realized from a given production. Returns on investment were determined by the use of Marginal Rate of Returns (MRR). MRR is an important determinant of profitability of any given enterprise. GM was calculated using GM= GR-TVC where GR = Gross returns, TVC = Total Variable Cost. MRR was calculated using the formula: MRR= GM/TVC where MRR, GM and TVC are as defined above. -10mandays/ha @ N1000.00/manday/ha Fertilizer application -10mandays@ N1000.00/manday/ha Harvesting -10mandays@ N1000.00/manday/ha Haulage -N1500.00/mt Shelling and bagging -N2000.00/mt Incidentals -N2500.00/mt Selling price of maize -N60,000.00/mt Atrazine, 2kg @ N500/kg -N1000.00 Paraquat, 2 litres@N1000/litre -N2000.00
Cost analysis average for all the experiment i.e. sites and year.
RESULTS
Weed composition at experimental sites
Although the experiments were conducted on sites heavily infested with Tithonia, some other weed species were also present. 
Tithonia growth and biomass
Application of atrazine alone and in mixture with paraquat resulted in significantly lower Tithonia density compared with paraquat alone. There was no significant difference between atrazine and the combination of atrazine and paraquat. (Table7). Application of herbicides at 2 WAP had a significantly lower Tithonia density than the application of herbicides at planting. The interactions of herbicide and time of herbicide application was significant. In the herbicide and time of herbicide application interactions, atrazine treatments at 2 WAP had a significantly lower Tithonia density in relation to paraquat treatments at planting, but were not significantly different from atrazine treatments at planting and the combination of atrazine and paraquat treatments both at planting and 2 WAP (Table8).
Application of atrazine alone resulted in significantly shorter Tithonia plants than the mixture with paraquat and paraquat alone. Reduction in Tithonia plant height by atrazine compared to paraquat alone and the paraquatatrazine mixture was by 48.5% and 19.5%, respectively. Application of herbicides at 2 WAP significantly reduced Tithonia height compared application at planting at 12 WAP in 2010 at Akure (Table 9 ). In the interactions between herbicide and time of herbicide application, atrazine treatments at 2 WAP had a significantly lower Tithonia height and thus reduced Tithonia height by 56.3% relative to paraquat application at planting Application of atrazine alone resulted in significantly lower Tithonia biomass than paraquat alone at all stages in both years and at both locations and in the combined analysis. The reduction in Tithonia dry weight was 62.4% compared to paraquat alone at 12 WAP in the combined analysis. Furthermore, application of atrazine alone reduced Tithonia dry weight significantly compared to the mixture with paraquat at 8 and 12 WAP in both years at Ado Ekiti and at 12 WAP in 2010 at Akure. Application of herbicides 2 WAP resulted in significantly lower Tithonia dry weight compared to application at planting at 8 and 12 WAP in 2010 and 2009 respectively at Ado Ekiti, 12 WAP in 2009 and all stages in 2010 at Akure and at 12 WAP in the combined analysis (Table 10 ). In the interactions between herbicide and time of herbicideapplication, atrazine treatments at 2 WAP had a significantly lower Tithonia biomass and reduced Tithonia biomass by 71.6% relative to paraquat application at planting.
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Maize growth
Application of atrazine alone and in combination with paraquat resulted in significantly taller maize plants than paraquat alone at 6 and 8 WAP in 2010 at both locations and 2009 at Akure as well as in combined analysis. Application of herbicide at 2 WAP resulted in significantly taller maize plants than at planting in 2010 at Ado-Ekiti. The mixture of atrazine and paraquat treatments at planting produced significantly taller maize than all paraquat treatments, but was not significantly different from atrazine treatments at planting, at 2WAP and the mixture of atrazine and paraquat treatments at 2 WAP. Paraquat treatments at planting reduced maize height by 19.4% when compared to both atrazine treatments and the combination of atrazine and paraquat treatments at planting (Table 11 ). The mixture of atrazine and paraquat treatments at planting produced significantly taller maize than all paraquat treatments, but was not significantly different from atrazine treatments at planting at 2WAP and the mixture of atrazine and paraquat treatments at 2 WAP. Paraquat treatments at planting reduced maize height by 19.4% when compared to both atrazine treatments and the combination of atrazine and paraquat treatments at planting. Application of atrazine alone and in mixture with paraquat resulted in significantly higher number of leaves per maize stand than paraquat alone at 6 and 8 WAP at Ado-Ekiti in 2010, at all stages and in both years at Akure and in the combined analysis. Maize in plots with paraquat alone showed reduced number of leaves per stand by 11.4% compared to atrazine alone. The application of herbicides at 2 WAP resulted in significantly higher number of leaves per maize stand than at planting at 6 WAP in 2010 at Akure. Atrazine application at 2 WAP had a significantly higher number of leaves per stand than all paraquat treatments, but was not significantly different from atrazine treatments at planting, the mixture of atrazine and paraquat treatments at planting and at 2 WAP (Table 12) .
Application of atrazine alone and in mixture with paraquat resulted in significantly bigger maize girth than paraquat alone at 8 WAP in 2009 at Akure, at 4, 6 and 8 WAP in 2010 at both locations and in the combined analysis. Paraquat treatments reduced number of stem girth by 11.0% when compared to atrazine treatments at 8 WAP in the combined analysis. There was no significant difference between the application of herbicides at 2 WAP and at planting (Table 13) . Atrazine application at planting gave a significantly higher stem girth than the application of paraquat at 2 WAP. Atrazine application at planting gave a significantly higher stem girth than the application of paraquat at 2 WAP.
Ear dry weight and maize grain yield
The application of atrazine alone and in mixture with paraquat resulted in similar ear weights that were significantly higher than paraquat alone at both locations and years and in the combined analysis. Paraquat alone caused 55.1% reduction in ear dry weight compared to the mixture of atrazine and paraquat. The application of herbicides at 2 WAP resulted in significantly higher ear weight than at planting at Akure in 2010 and in the combined analysis (Table 3 ). In the interaction between herbicide and time of herbicide application, atrazine treatments at planting gave significantly higher ear weight than paraquat treatment at planting and at 2 WAP, but was not significantly different from atrazine treatment at 2 WAP and the combination of atrazine and paraquat treatment at planting and at 2 WAP.
Application of atrazine alone and in mixture with paraquat gave significantly higher maize grain yield than paraquat alone at both locations in both years. Application of paraquat alone reduced maize grain yield by 72.0% compared to atrazine treatments. Time of herbicide application did not have significant effect on maize grain yield (Table 4) . The interactions between herbicide and time of herbicide application were significant. The herbicide and time of herbicide application interactions showed that atrazine at planting had significantly higher maize grain yield than all paraquat treatments but was not significantly different from atrazine treatments at 2 WAP and the combination of atrazine and paraquat treatment at planting and at 2 WAP. Paraquat application at 2 WAP reduced maize grain yield by 83.0% when compared to the application of atrazine at planting (Table 5) . Mean values with the same letter in each column are not significantly different at 5% level of probability by DMRT *= Significant at 5% 2WAP=2 weeks after planting. Mean values with the same letter in each column are not significantly different at 5% level of probability by DMRT *= Significant at 5%2WAP=2 weeks after planting Mean values with the same letter in each column are not significantly different at 5% level of probability by DMRT *= Significant at 5% At=atrazine, sPa=paraquat, At+Pa= atrazine+paraquat, AP=at planting, 2WAP=2 weeks after planting
Analysis of costs and returns
The highest gross margin (GM) of N149, 200.00 was obtained from the application of atrazine at 2 WAP. The highest Marginal Rate of Returns of 2.81was obtained from the application of atrazine at 2 WAP (Table 6 ).
Relative weed abundance
Tithoniadiversifolia relative abundance was between 92.9 and 97.8% at the four experimental sites. Other associated weed species found to be relatively abundant were Cyperusesculentus, Euphorbia heterophylla, Urenalobata, Chamaecristamimosoides, Sienna hirsuta (Tables 14-17) .
DISCUSSION AND CONCLUSION
The effectiveness of atrazine on broad leaves probably accounted for the significant reduction of Tithonia density than paraquat. Ilhan et al. (2010) reported that application of atrazine effectively controlled weeds in millet and maize. Application of herbicides at 2 WAP significantly reduced Tithonia density than the application at planting probably because residual effect of atrazine and other pesticides normally reduce with time. Tithonia plants were shorter in atrazine-treated plots because of its effectiveness on Tithonia seeds and seedlings. Kopsell (2012) reported that atrazine was effective in controlling weeds and also increased crop yields in sweet corn. The application of herbicides at 2 WAP resulted in shorter Tithonia plants because it was able to kill weed seeds and seedlings. The significant reduction in weed biomass by atrazine application at 2 WAP over atrazine + paraquat and paraquat alone could be attributed to the effectiveness of atrazine on both seeds and seedlings of Tithonia.
www.gjournals.org -33 - The nozzle shield used to spray atrazine + paraquat at 2 WAP spared Tithonia stands that were close to maize and so accounted for not too pronounced reduction in weed biomass by atrazine+paraquat application. Application of herbicides at 2 WAP resulted in significantly taller maize plants than at planting probably because of the effect on growing weeds. The yield of 1.91 mt/ha obtained from the application of herbicide at planting was not significantly different from 1.88mt/ha obtained from the application of herbicides at 2 WAP. The effect on seeds, hence seedling growth and delay in emergence made pre-emergence herbicide still effective at 2 WAP. The least maize growth performance and yield recorded in plots sprayed with paraquat at planting could be attributed to its mode of action. Paraquat is a contact herbicide and effective only in the removal of any given vegetative cover. The cost of using atrazine at 2 kg a.i/ha was found to be the least when compared with paraquat and its mixture with atrazine. The highest Gross Margin and Marginal Rate of Returns by atrazine when compared with other herbicide mixtures could be due to the fact that Atrazine has the double advantage of being affordable, effective on weed seeds and emerged broadleaf seedlings. It is also a selective herbicide for maize cultivation.
The relative abundance obtained for Tithonia without artificial infestation of the experimental sites confirms the colonizing and dominating characteristics of the plant. Liasu and Ogunkunle (2007) had noted that Tithonia is able dominate a new environment because of its high prolificity, adaptability, ability to survive many adverse conditions, aggressiveness, persistence as well as seed longevity and dispersability in time (dormancy) and space (transport).
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